Introduction
Cancer is the second leading cause of death in the United States (US), with an expected 589 430 cancer deaths in 2015. 1 The relative rank of cancer as a cause of death varies over the lifespan. It is the third most common cause of death for those aged 25-44 years, the most common cause of death for those aged 45 -64 years, and the third most common cause of death for those aged 65 years and older. 2 Although not as common as other cancers, brain and other CNS tumors have a significant impact on the population, with a median age of diagnosis of 59 years. 1 In 2011, brain and other CNS tumors were the second leading cause of cancer mortality in men aged 20 to 39 years and the fifth leading cause of cancer mortality in women aged 20 to 39 years. 1 Malignant brain and CNS tumors over the last 5 years (2007-2011) had an incidence rate of 27.85 per 100 000, and a much lower 5-year relative survival rate compared to that of female breast, prostate, and colorectal cancer. 3 Although the incidence of malignant brain and other CNS tumors has significantly decreased in males from 2008 to 2010, the incidence has remained stable in women. The incidence of nonmalignant brain and other CNS tumors has significantly increased in both sexes from 2004 to 2010. 4 The most common cancers in adults (aged 20+ y) diagnosed between 2000 and 2010 were prostate cancer (incidence rate [IR]: 215.96 per 100 000), female breast cancer (IR: 173.65 per 100 000), lung and bronchial cancer (IR: 95.40 per 100 000), and colorectal cancer (IR: 68.52 per 100 000). 4 From 2000 to 2010, the incidence of lung and bronchus cancer in both men (annual percent change [APC] ¼ 24.0) and women (APC ¼ 22.2), as well as the incidence of colorectal cancer in both men (APC ¼ 24.0) and women (APC ¼ 24.2), decreased significantly. The incidence of prostate cancer decreased (APC ¼ 22.1), while female breast cancer incidence increased (APC ¼ 0.3). 1 The most recent data show that overall mortality due to cancer has declined in the last 5 years (2007 -2011) in both adult men and women (1.8% and 1.4% declines, respectively), likely driven by the decrease in incidence of the most common cancers. 1 Lung and bronchus cancer mortality has significantly decreased in both men (APC ¼ 22.9) and women (APC ¼ 21.9), prostate cancer mortality significantly decreased (APC ¼ 23.2), female breast cancer mortality significantly decreased (APC ¼ 21.9), and colorectal cancer significantly decreased in both men (APC ¼ 22.6) and women (APC ¼ 23.0).
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The aim of this study is to quantify the impact of death due to brain and other CNS tumors occurring in adults by estimating the years of potential life lost (YPLL). YPLL measures the average time an individual would have lived had he or she not died prematurely, in an attempt to highlight the economic and social impacts of premature mortality. 5 Accurate estimations of YPLL are imperative for evaluating cancer management and understanding disease burden on society. Comparing brain and other CNS tumors with more common cancers provides context for the importance of looking at other measures, such as YPLL, to describe disease burden, rather than more typical measures such as incidence. We compare YPLL calculations for brain and other CNS tumors in adults to those of other common cancers in adults in the US to emphasize the increased health burden for this diagnosis.
Materials and Methods

Data Collection
The Centers for Disease Control and Prevention's (CDC) National Center for Health Statistics (NCHS) reports complete period life tables for the US by race, Hispanic ethnicity, and sex based on age-specific death rates, as part of the National Vital Statistics System (NVSS). The most current available life tables were for 2010, and thus 2010 was the year chosen for all of the analyses in this study. The years of potential life lost (YPLL) were calculated stratified by sex, race, and ethnicity using the corresponding period life tables. Cause of death on death certificates is coded using the International Classification of Diseases, 10th edition (ICD-10). Mortality data, abstracted from death certificate data, were obtained from the CDC's NCHS Vital Statistics Data via the downloadable data files (http://www.cdc.gov/ nchs/data_access/Vitalstatsonline.htm). In this study, malignant brain tumors were defined by the following ICD-10 codes: C71.0, C71.1, C71.2, C71.3, C71.4, C71.5, C71.6, C71.7, C71.8, and C71.9. Other malignant CNS tumors (tumors that occurred in non-brain locations in the CNS) were defined by the following ICD-10 codes: C70.0, C70.1, C70.9, C72.0, C72. Incidence rates per 100 000 population for brain and CNS tumors were estimated using the Central Brain Tumor Registry of the United States (CBTRUS) analytic file, which is comprised of the largest aggregation of population-based incidence data limited to primary brain and CNS tumors in the United States. The CBTRUS data represent 99.9% of the US population during the time period examined. 3 Other information regarding primary brain and CNS tumors, along with all other cancers, is available through USCS.
Study Population
This analysis specifically estimated YPLL for adults (age 20+ y) at the time of their death due to cancer. Individuals whose Hispanic ethnicity was listed as "unknown" were excluded (n ¼ 4237). The cancers selected for this study included the 4 most common cancers in adults (lung and bronchial, colorectal, prostate, and breast) and 3 less common cancers that have high mortality after diagnosis (pancreatic, brain and other CNS, and ovarian). Breast cancer was limited to females only. The causes of death for the comparison cancers were defined using ICD-10 codes: lung and bronchus (C34.0 -C34.3, C34.8, and C34.9), colorectal (C18.0 -C18.9, C19, C20, and C21.8), pancreatic (C25.0 -C25.9), prostate (C61), breast (C50.0 -C50.9), and ovarian (C56 and C57.8). 6 
Statistical Analyses
YPLL were calculated by combining the life table data with the mortality data. For example, if a Hispanic female (Life Table 12 ) died at age 31 (based on mortality data), her YPLL would be the years of life remaining at age 31 for Hispanic females (based on life table data). Thus, her total YPLL is 53.6 years. Total and mean YPLL were computed for each of the selected cancers and compared between sexes and between race/ethnicities in order to quantify and compare the burden of these cancers by sex and race/ethnicity. The YPLL calculations were performed with SAS version 9.4 (http://www.sas.com/en_us/home.html), and graphs were created using R version 3.1.2 (http://www. r-project.org/). Incidence rates for brain and CNS tumors using CBTRUS data were calculated with SEER*Stat 8.1.5 (http:// seer.cancer.gov/seerstat/). Figure 1 shows the relationship between incidence and mortality for the cancers studied as compared with malignant brain, malignant other CNS, and nonmalignant brain and other CNS tumors. While incidence of malignant brain tumors is rare, their mortality is high compared with other cancers, such as breast and prostate, which have high incidence but lower mortality. For lung and bronchial cancer, the incidence and mortality are both high for males and females.
Results
Incidence and Mortality Rates
Cohort Demographics
The total number of individuals 20 years and older whose primary cause of death in 2010 was one of the selected cancers Rouse et al.: Cancer years of life lost in the United States was 269 517 (132 923 males and 136 594 females). Of these individuals, 84.69% were non-Hispanic white, 11.44% were non-Hispanic black, and 3.87% were Hispanic. Out of the total number of deaths, 0.96% were among those aged 20 -39 years, 17.86% were among those aged 40 -59 years, 51.54% were among those aged 60 -79 years, and 29.64% were among those aged 80 years and older. For males, lung and bronchial cancer caused the largest proportion of deaths, followed by prostate cancer, colorectal cancer, pancreatic cancer, and malignant brain tumors (Table 1) . For females, lung and bronchial cancer caused the largest proportion of deaths, followed by breast, colorectal, pancreatic, and malignant brain tumors (Table 1) . For both males and females aged 20 -39 years, the leading cause of cancer death in this study was malignant brain tumors. For males aged 40-59 years, the leading cause of cancer death was malignant brain tumors, and for females of the same age group, the leading cause of cancer death was female breast, followed closely by malignant brain tumors.
Life Expectancy
From the period life tables provided by the NVSS, life expectancy was plotted by age, by race/ethnicity, and by sex (Fig. 2) for the year 2010. Females had a higher life expectancy at a given year than males. For both sexes, Hispanics had the greatest life expectancy at a given age, and non-Hispanic blacks had the lowest life expectancy at a given age. Black males had the lowest life expectancy at a given age, followed by white males.
Age at Death
Age at death distributions are provided in Fig. 3 for each selected cancer and plotted by each sex and race/ethnicity combination. Overall, the distributions for most cancer types were consistent between sexes and race/ethnicities. For males, the cancers with the lowest mean age at death were other malignant CNS tumors (62.90 y) and malignant brain (63.33 y), while the cancers with the highest mean age at death were prostate cancer (78.71 y) and nonmalignant brain and other CNS tumors (70.99 y). For females, the cancers with the lowest mean age at death were malignant brain tumors (66.39 y) and breast cancer (68.49 y), while the cancers with the highest mean age at death were nonmalignant brain and other CNS tumors (75.77 y) and colorectal cancer (74.05 y).
Years of Potential Life Lost
The total YPLL and the mean YPLL are presented in Table 2 . The total YPLL in 2010 was 1 871 704 for males aged 20 years and older, with 53.49% from lung and bronchial cancer, 16.82% from colorectal cancer, 11.76% from pancreatic cancer, 11.32% from prostate cancer, 6.29% from malignant brain tumors, 0.21% from nonmalignant brain and other CNS tumors, and 0.11% from other malignant CNS tumors. The total YPLL in 2010 was 2 274 071 for females aged 20 years and older, with 39.30% from lung and bronchial cancer, 26.07% from breast cancer, 12.57% from colorectal cancer, 9.08% from pancreatic cancer, 8.63% from ovarian cancer, 4.01% from malignant brain tumors, 0.26% from nonmalignant brain and other CNS tumors, and 0.08% from other malignant CNS tumors. The total YPLL is significantly affected by total number of deaths for each cancer; hence, the mean YPLL provides a better estimate of the impact of each cancer on individual life. The cancers contributing the highest mean YPLL for males were other malignant CNS tumors (20.65), malignant brain tumors (19.93), and pancreatic cancer (15.13). The cancers contributing the highest mean YPLL for females were malignant brain tumors (20.31), breast cancer (18.78), and other malignant CNS tumors (18.36). The mean and median age at death for each selected cancer by sex are also presented in Table 2 . Mean YPLL varies considerably by race/ethnicity, as shown in Fig. 4 . For both sexes, non-Hispanic whites had the lowest YPLL, and Hispanics had the highest YPLL for all histologies, with the exception of other malignant CNS tumors in females, where non-Hispanic blacks (21.63) had a higher mean YPLL than Hispanics (21.60). The largest differences in mean YPLL by race/ ethnicity in males were malignant brain, other malignant CNS, and nonmalignant brain and other CNS tumors. In females, the largest differences in mean YPLL by race/ethnicity were in colorectal cancer, breast cancer, and nonmalignant brain and other CNS tumors.
Discussion
YPLL is a measure of cancer impact that is an important complement to routinely reported incidence and survival statistics. Previous studies have shown the importance of estimating YPLL in cancer and its use for quantifying potential social and economic impact. 5, 7, 8 YPLL in more common cancers such as female breast, lung and bronchus, prostate, and colorectal cancer has been well documented.
9 -11 While brain and other CNS tumors are a relatively rare cancer, they are highly aggressive, as seen in the disproportion between high mortality and morbidity compared to their low incidence. Estimation of YPLL for these tumors more accurately depicts the impact of these tumors on individual lives when examined in the context of other more common cancers in adults.
Life expectancy provides a context for YPLL. In 2010, the overall life expectancy at birth was 78.7 years. 2 Hispanics had the greatest life expectancy overall (81.4 y) and non-Hispanic blacks had the lowest life expectancy overall (74.7 y).
2 This difference in life expectancy can be attributed to several known factors, such as the Hispanic Epidemiological Paradox (HEP), cultural norms, social support networks, accessibility to health care, and other health and life risks that are disproportionately more present in non-Hispanic black communities. HEP describes a complex in which, despite having lower than average income/education, Hispanic health outcomes, such as life expectancy, are similar to or better than their white counterparts. 12 Cancers with the lowest average age at death are considered to be the most deadly cancers. While not the most common cancer, malignant brain tumors had the overall lowest age of death, with a mean age of death of 63 years for males and 66 years for females. Other malignant CNS tumors in males had a mean age of death of 63 years. These numbers are lower than the mean age at death for breast (68 y), colorectal (70 y, males; 74 y, females), lung (71 y, males; 72 y, females), and prostate cancers (79 y). This demonstrates the significant impact malignant brain tumors have on the population and cancer death rates. For most cancer types, females had a higher mean age at death than males. Hispanics, contrary to having a higher life expectancy, tended to have worse outcomes than whites for the same cancers. These differences may be attributed to differences in socioeconomic status and access to health care.
In 2010, the cancers with the highest total YPLL were lung and bronchus, colorectal, prostate, breast, and pancreatic. Total YPLL is strongly influenced by total number of incident cases, and mean YPLL provides a sensitive estimation of the impact of cancer death due to more rare cancers, such as brain and other CNS tumors. 13 Mean YPLL provides a measure of the burden of cancer to the individual patient, rather than the Rouse et al.: Cancer years of life lost in the United States population as a whole, thus quantifying how much a patient's life is shortened by his or her cancer. Looking at measures such as incidence and mortality rates may not provide a complete picture of disease effect, as shown in Fig. 1 . Malignant brain had the highest mean YPLL in both males and females, averaging around 20 years. The mean YPLL for the other common cancers in adults ranged from 14 to 18 years. These differences may be explained by numerous factors, including but not limited to differences in age at diagnosis, in age at death, and/or in total survival time after diagnosis. Also, public health efforts to increase screening and prevention of the most common cancers often result in their diagnosis at earlier-and more treatable-points in individual patient disease trajectory and may contribute to these differences.
This study is subject to certain limitations. Both malignant CNS and nonmalignant brain and other CNS tumors had small sample sizes, leading to a potential overestimation of their effects. However, using population-based data sources representing 99%-100% of the United States for all analyses makes these results the most representative experience in the US for the 2010 time period. Other limitations may include the stipulations by which causes of death are considered primary or antecedent and the overall quality of death certificate data collected by data sources for analysis. This study also had several strengths. The NVSS mortality data are a fundamental source of demographic and cause-of-death information for the entire US and therefore provide a comprehensive mortality profile for all US deaths in 2010. Cancer incidence and mortality 
Conclusion
Although other cancers have higher age-adjusted incidence and mortality rates than brain and CNS tumors, brain and 
